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cense.Abstract A novel analytical reagent 4-(2-hydroxy phenyl ethaminodiol), benzene-1,3-diol(4-2-
HPEDB-1,3,D) was synthesized for the determination of molybdenum(VI). The present paper
reveals the detailed study of electroanalytical behaviour for [Mo-(4-2-HPEDB-1,3,D)] complex
under optimized conditions. The peak obtained for [Mo-(4-2-HPEDB-1,3,D)] prevent the interfer-
ence of foreign ions which shows the sensitivity of the proposed method. The linearity was main-
tained at the concentration range of 0.5–200 lg/mL at pH 4.5 with correlation factor 0.9997.
The present method was successfully applied for the analysis of molybdenum(VI) in biological ﬂuids
and plant material. The results obtained from the proposed method show good agreement with ref-
erence method.
ª 2010 King Saud University. Open access under CC BY-NC-ND license.1. Introduction
Molybdenum(VI) has extensive industrial applications and is
regarded as one of the vital strategic metal in modern technol-
ogy. It is used in the industrial sector, medicine and as a nec-
essary micronutrient element for the animals, plants and
essential trace element for human beings. Molybdenum(VI)l.com (N.Y. Sreedhar).
ity.
lsevierplays an important role for biochemical functions in nitrate
reduction, biosynthesis of nucleic acid. Controlled supply of
molybdenum(VI) to the plants leads the healthy growth.
Low molybdenum(VI) levels in soil, plants, drinking water,
food and human tissues is responsible for high mortality from
esophagus cancer. The excess of molybdenum(VI) may also
cause bone diffraction, make teeth vulnerable to caries and
produce disturbance in the metabolism of fats and proteins.
Therefore a simple, sensitive, selective, accurate and novel
analytical method was developed for the determination of
molybdenum(VI) in biological ﬂuids and plants materials.
Several analytical techniques have been reported for the
determination of Mo in different environmental samples,
among this most commonly used techniques are Atomic
Absorption Spectrometry (Burguera et al., 2002; Ganjali
et al., 2005), Spectrophotometry (Kumar et al., 2005;
Molina-Diaz et al., 1996; Alkan et al., 2003; Filik et al.,
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150 N.Y. Sreedhar et al.2004; Lis and But, 2000; Taher and Mobarakeh, 2005; Tunc eli
and Rehber Turker, 2004; Zaijun et al., 2005; Nukatsuka et al.,
1995), Inductively Coupled Plasma Emission Spectrometry
(Martynkova et al., 2004; Liang et al., 2004) and Neutron
Activation Analysis (Sun et al., 1999). Those above reported
techniques suffers with some disadvantages such as tedious
reaction steps, time taking procedures, high reagent concep-
tion, requires sophisticated laboratory techniques and highly
economical. In view of this, author reported a simple, sensitive
and novel electroanalytical technique for the determination of
molybdenum(VI) in biological ﬂuids and plant material using
newly synthesize analytical reagent. Several analytical reagents
and techniques have been reported for the determination of
molybdenum(VI) in various samples which is shown in (Table 1).
2. Experimental
2.1. Apparatus and reagents
An Elico CL-362 model polarographic system is used for DPP
measurements and Elico Li-129 model glass-calomel combined
electrode was employed for measuring pH values.
Ag/AgCl (salt KCl) was used as a reference electrode which
provide a reversible half reaction with nernstian behaviour be
constant over time and easy to assemble and maintain and a
platinum wire as an auxiliary electrode which displays negative
potential range.
All reagents used were analytical reagent grade. Double
distilled water was used throughout the experiment. A stock
solution of molybdenum(VI) was prepared by dissolving
appropriate amount of ammonium hepta molybdate in double
distilled water in volumetric ﬂask. Working standard solution
was freshly prepared by diluting the stock solution with double
distilled water. Concentration (0.1 M) of chelating reagent was
prepared by dissolving 2.84 g of 4-2-HPEDB-1,3,D in 100 mL
of methanol.
2.2. Synthesis of 4-2-hydroxy phenyl ethaminodiol benzene-1,3-
diol(4-2-HPEDB-1,3,D)
Equimolar ratio of 2,4-dihydroxy acetophenone and 2-amino-
phenol in methanol mixture was reﬂuxed for 3–4 h and the
contents were cooled at room temperature, it gives orange-
red colour precipitate. The precipitate was ﬁltered and washed
with methanol to pure Schiff base. M.P.  115 C, yield (97%)
as shown in Scheme 1.
I.R – (KBr), 1601.8 cm1 (C‚N), 3304.0 cm1 (N–H), free
(OH) 3375.3 cm1 1465.9 cm1 (O–H) and the spectrum was
shown in Fig. 1.
2.3. Recommended analytical procedure for the determination of
metal ions
An aliquot of working standard solution containing 1–100 lL
of metal ion is taken in to 25 mL volumetric ﬂask. To this
5 mL of acetate buffer solution (pH 4.5), 2 mL of reagent solu-
tion were added. This mixture was transferred in to polaro-
graphic cell and diluted with 9 mL of supporting electrolyte
and then deoxygenated with nitrogen gas for ten min. After
recording polarogram small increment (0.2 mL) of standard
solution is added to the cell treated for 1 min and polarogram
HO
-H2O
2,4-dihydroxy acetophenone  2-amino phenol
4-(2-hydroxy phenyleth aminodiol), benzene-1.3-diol
OH
HO
Reflux
3-4 hrs
HO C
OH
O
CH3
+  H2N 
HO
C
CH3
N
Synthesis of 4-(2-hydroxy phenyl ethaminodiol) benzene-1.3-diol (4-2-HPEDB-1,3,D) 
HO C
OH
N
CH3
HO
+
HO C
O
N
CH3
O
Mo6+
Mo6+
pH 4.5
2
2
2 [4-2-HPEDB-1,3,D] + Mo6+  2[4-2-HPEDB-1,3,D - Mo6+] 
Complexation of 4-2-HPEDB-1,3,D with Mo(VI) 
↑
Scheme 1 Synthesis and complexation of 4-2-HPEDB-1,3,D with Mo.
Figure 1 I.R. spectrum of 4-(2-hydroxy phenyl ethaminodiol), benzene-1,3-diol(4-2-HPEDB-1,3,D).
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ner, 10 polarograms are recorded for 10 additions. In the pres-
ent study the best precision was obtained at pH 4.5 with a drop
time 2 s, pulse amplitude of 50 mV and an applied potential of
1044.0 mV The relative standard deviation and correlation
coefﬁcients were found to be 16.65% and 0.9997 for 10
replicates.2.4. Sample collection
Tirupati is taken as study area in present paper for sample
analysis which is located at south in India and it is a rapidlydeveloping, upcoming city which is widely known at global
level. The arrival of approximately 50,000–60,000 pilgrims
per day to visit the lord Balaji temple (Tirumala) who are
mainly responsible for the threatening of the natural beauty
of this holy town. Hence, this holy pilgrim centre has been
chosen as the potential collection area for present study. Sev-
eral small and medium scale industries are situated in the
suburban fringes of Tirupati town. The samples were col-
lected from different locations of the study areas of in and
around Tirupati. The necessary and possible precautions were
taken at various stages starting from sample containers, sam-
ple collection and storage, processing and analyzing the
samples.
Table 2 Determination of molybdenum(VI) in biological ﬂuids.
Serial No. Sample Source for samples Molybdenum(VI) content lg/mL
DDP method Spectrophotometry method
Jamuluddin Ahmed and
Enamul Haque (2002)
Found RSD (%) Found RSD (%)
1 Serum-1 Anemia patient (male)a 165.1 0.73 162.5 1.6
2 Urine-1 39.5 0.59 38.0 1.2
3 Serum-2 Normal adult (male)a 129.1 0.82 128.5 1.5
4 Urine-2 33.9 0.22 32.3 1.0
5 Serum-3 Paralysis patient (male)b 16.7 0.90 15.8 1.3
6 Urine-3 5.5 3.18 4.1 1.1
a Collected from SVIMS (Srivenkateswara Institute of Medical Sciences) Tirupati, A.P., India.
b Collected from Government Hospitals (Ruya Hospital) Tirupati, A.P., India.
Table 3 Determination of molybdenum(VI) in plant material.
Added Sample – potato leavesa
Proposed method Reference method Molina-
Diaz et al. (1996)
Molybdenum(VI) content
(lg/mL)
Molybdenum(VI) content
(lg/mL)
Found Mean recovery (%) Found Mean recovery (%)
– 22.55 – 22.47 –
10 32.59 100.4 32.46 99.9
20 43.68 105.7 43.42 104.8
30 52.99 101.5 52.85 101.3
a Samples collected from Acharya N.G. Ranga Agricultural
College Tirupati, A.P., India.
152 N.Y. Sreedhar et al.2.5. Analysis of biological ﬂuids
The human serum or urine samples were centrifuged for
30 min by 1000g centrifuge. The serum or urine samples were
kept at 253 K for storage and the samples were digested with
a 5:1 (v/v) mixture of conc. HNO3 and HClO4 at temperature
of 393 K and then diluted to proper volumes. Suitable volumes
of these solutions are taken for the determination of molybde-
num(VI) as described in above said procedure and the results
were shown in (Table 2).
2.6. Analysis of plant material
Finely chopped fresh potato leaves (5 g each) were placed in a
250 mL beaker, and a solution of concentrated H2SO4/HNO3
1:1 (v/v) (10 mL) was added. This mixture was heated until the
solution is clear. The solution was ﬁltered off and concentrated
to 5 mL then cooled and diluted to 50 mL with deionised dou-
ble distilled water then the general procedure was applied to
1 mL of this solution and results obtained were shown in
(Table 3).
The Standard Reference Material SRM-1573a of tomato
leaves were analyzed by the proposed method to determine
the accuracy and precision of the present method which is gi-
ven by National Institute of Standard and Technology. Inter
calibration was performed by using tomato leaves – SRM-
1573a and it’s certiﬁed value is 0.46 ppm. The analytical resultsobtained from the present method (0.451 ± 0.05) is good
agreement with certiﬁed value (0.46 ppm).3. Results and discussion
The analytical reagent 4-(2-hydroxy phenyl ethaminodiol),
benzene-1,3-diol(4-2-HPEDB-1,3,D) is a ligand having C‚N
functional group and form complex with Mo(VI) at pH 4.5
and complexation process was shown Scheme 1 and investi-
gated their electrochemical behaviour using differential pulse
polarography and it is polarograms for the blank and sample
solution was shown in Fig. 1.
3.1. Differential pulse polarographic studies
3.1.1. Effect of pH
The effect of pH on the peak potential Ep and current intensity
ip, using differential pulse polarography was examined for
[Mo-(4-2-HPEDB-1,3,D)]. The pH was varied in the whole
pH range 2.5–8.5 for [Mo-(4-2-HPEDB-1,3,D)] complex. It
can be observed from Fig. 3, 1044.0 mV that the maximum
peak current obtained with pH 4.5. When the pH has been in-
creased from 2.5 to 8.5, the peak potentials have been shifted
towards more negative values, indicating proton participation
in the reduction process.
3.2. Effect of pulse amplitude and scan rate
The inﬂuence of the pulse amplitude was investigated. The re-
sults suggested that DPP peak current reached the maximum
value which is shown in Fig. 2 when the pulse amplitude was
50 mV. As per the scan rate; the current response with increas-
ing the scan rate of 40 mV s1 gave the maximum response.
Accordingly, the optimum conditions for recording a maxi-
mum developed and sharper DPP peak for 0.5 mM [Mo-(4-
2-HPEDB-1,3,D)] are scan rate: 40 mV s1 and pulse ampli-
tude: 50 mV.
Other experimental parameters such as temperature and io-
nic strength were optimized. The peak currents were not mod-
iﬁed when the temperature varied between 20 and 50 C. The
optimum value chosen was 25 C (see Fig. 3).
Figure 2 Differential pulse polarogram of molybdenum(VI) peak at 1044.0 mV.
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Figure 3 Effect of pH on determination of Mo(VI).
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The detection limit and the relative standard deviation ob-
tained as 0.29 lg/mL, 16.65 lg/mL, respectively. The linearity
is maintained in the concentration range of Mo 0.5–200 lg/mL
with correlation coefﬁcient of 0.9997 and calibration curve isprepared according to the general procedure under the opti-
mized conditions as shown in Fig. 4.
The method is validated by analysing the Certiﬁed Refer-
ence Material of tomato leaves (SRM-1573a) which shows
the accuracy, precision and applicability of the present
investigation.
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Figure 4 Calibration curve for Mo(VI).
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Figure 5 Mole ratio method for the Mo(VI)-4-2-HPEDB-1,3,D.
Table 4 Effect of interfering ions on the determination of
molybdenum(VI).
Interfering ions Tolerance limit
(lg/mL)
Recovery (%)
Fe3+, Na2+ 10,500 98
Cu2+, Co2+, Cd2+,
Ni2+, Ca2+
4200 98
Pb2+ 2500a 97
Mn2+, Zn2+, Mg2+ 1100 99
K+ 800b 98
a Can be masked up to 2500 lg/mL by the addition of 2 mL of
2% sulfonic acid.
b Can be masked up to 800 lg/mL by the addition of 2 mL of 5%
EDTA.
154 N.Y. Sreedhar et al.3.4. Stoichiometry of the complex
The composition of the complex was found to be 1:2 =Mo6+:
4-2-HPEDB-1,3,D. The stoichiometry of the complex was
veriﬁed by mole ratio method and their data was shown in
Fig. 5.3.5. Effect of interfering ions
The effect of interfering ions on the determination of molybde-
num(VI) in biological ﬂuids and plant material were investi-
gated and the results were shown in (Table 4) which is
individually added to the molybdenum(VI) having appropriate
concentration and the general procedure was applied. The tol-
erable limits of various foreign ions are masked using proper
masking agents and recovery ranges are shown in (Table 4).
The results are almost quantitative in the presence of interfer-
ing ions to evaluate the feasibility and sensitivity of the present
method.
4. Conclusions
The present investigation for the analysis of molybdenum(VI)
by differential pulse polarography provides the simple, sensi-
tive, precise and economically cheap to achieve good enrich-
ment factors. The newly synthesized analytical reagent is
very economical and simple at ordinary laboratory conditions.
The study of the interfering ions made the method more sensi-
tive and selective and it is successfully applied for the determi-
nation of molybdenum(VI) in samples of plant material and
Determination of molybdenum(VI) by differential pulse polarographic technique 155biological ﬂuids having good accuracy and precision when
compared with other technique which is existing in literature
and their data is shown in (Table 1). This method is validated
using a Certiﬁed Reference Material (potato leaves SRM-1573a)
which is distributed by National Institute of Standard and
Technology shows the accuracy of the proposed method.
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